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Abstract

Objective: Medication adherence among adolescents with cfiistiasis (CF) is often
suboptimal and this has significant impact on theilth and quality of life. The purpose of the
study was to evaluate the impact of frequent hoatmpnary function (PFT) monitoring on
medication adherence among adolescents wittH@pothesis: We hypothesized that weekly
home PFT monitoring will improve adherence whileé significantly adding to the treatment
burdenMethods: Individuals aged 12-21 years with CF were providesgpirometer to measure
PFTs weekly for one-year. Results were reviewediyaga telephone. PFT data were
downloaded from the device during quarterly clwvigits. Adherence was calculated from
prescription refill data and compared to the prasigear. Perceptions of treatment burden were
assessed using the CF questionnaire-revised (CFiprdt}y of life measure. Health outcome
measures including nutritional status and PFTs fcbnic were collected for the study period
and the year prioResults: Thirty-nine subjects participated in the study. Mege was 15.89 +
2.18 years and 54% were female. Mean adherenceegklywspirometry monitoring was 59.47 +
24.60%. Values generated on the device showed gaoelation with those obtained in clinic.
Mean medication possession ratio (MPR) was 60%amtevious year and 65% during the
study (p=0.04). Mean treatment burden scaled smotee CFQ-R was 68 at enrollment and 66
at study completion (p=0.14%onclusions: Frequent home PFT monitoring is feasible in CF
adolescents and could successfully improve medcatherence without significantly

impacting treatment burden.
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Introduction

Adherence to medications is often suboptimal amgatgents with chronic diseases like cystic
fibrosis (CF). Data from electronic medication ntoring devices and from analysis of
prescription refill histories reveal adherencesaie30-75% among individuals with cE.
Adolescents have significantly lower rates of matian adherence compared to other age
group$=>°2 Prescription refill data over a five-year perietealed adherence rates of 46-65% to
pancreatic enzymes, vitamins, inhaled hypertorinesand dornase alfa among patients with CF
13-21 years of age. The same study showed adheratieseof 73-83% among those 0-5 years of
agé. A different study evaluated adherence using elait pill caps and also found lower rates
of adherence to vitamins among adolescents compartbddse less than 12 years of age (57% vs

85%F.

Individuals with CF have a high clinical, psychasb@nd economic burden that is compounded
in the setting of non-adhereri@eAdolescents are particularly vulnerable sincedlie a
significant decline in pulmonary function (PFT) tleecurs during this tim&*2 An important

risk factor for this reduction in PFT is havingdtent pulmonary exacerbatidfisa factor that

has been linked to poor medication adher&fitéPoor nutritional status is another risk factar fo
worsening PFTs among children and adolescents®@#tfi'*. Those who demonstrate good
medication adherence have also been noted to lediiex tveight gain and higher body mass

indices (BMI) irrespective of their agé

Barriers to medication adherence among adolesestitsCF include forgetfulness, competing
time pressures, and doubts about the necessigefulness of the prescribed treatment
regimert*°>22 There is a decline in parental supervision dusdglescence, which has been

shown to negatively impact treatment adherenchisngrou®. Knowledge about the disease,



which is often deficient among adolescents, has lad®n shown to influence adhereticevith
worsening disease severity, the complexity of ttesqribed treatment regimen increases in
patients with CE?”. More treatments are added in an effort to slowndthe progression of the
disease. This escalation in treatment complexisylie®en shown to adversely affect perceptions
of treatment burden, with the effects being momnpunced amongst adolescéntd Having a

high perception of treatment burden can negativepact self-management skills and lower

adherencd16:19.24-26

Many of the same studies that elicited the afor¢imeead barriers have also identified multiple
adherence motivators such as recognition of theatnpf non-adherence on health outcomes, a
strong relationship with the CF care team and ergmment from friends and famify>*"*-
23,2528 |nterventions that promote self-management skilleether they be a knowledge-based
intervention such as providing more education abloeidisease process and available
treatments, or a behavioral intervention like matiional interviewing, appear to improve
medication adherence in individuals with '€ 192526:2835The yse of technology to promote

f-35 Medication

self-management skills and adherence is becomargasingly populd
reminders have been successful in enabling patrathisCF to take ownership of their disease
and have resulted in improved adheréht&* 33 However, very little data, exists on the impact

of these interventions on the already high peroeptof treatment burden.

Reviewing PFT results appear to be an adherendgatmtfor many adolescents and young
adults”****3° Home PFT monitoring has enabled clinicians taivbmore frequent data and
allows patients the opportunity to readily reviend&eep track of the resuit$®*” Lechtzin et
al conducted a large, randomized controlled twval@ating the benefits of early detection of

pulmonary exacerbations on PFT in adults with CEgmage of 27 yeard) Participants



assigned to the intervention arm were asked to mnedkeir PFTs and fill out an online
respiratory symptom diary twice a week from homesf@one-year duration. Both of these were
viewed in real time by an electronic monitoringteys. Any new symptoms or significant
declines in PFT were identified as potential pulargrexacerbations and immediately reported
to the care team so an acute/sick clinic visit ddad scheduled. In contrast, participants in the
usual care arm were asked to call the clinic wihgtoms and schedule acute/sick visits as

needed for potential exacerbatidhs

Despite having twice as many acute/sick visitpidmonary exacerbations and earlier detection
times, the intervention group did not experienséoaver rate of a decline in PFT compared to
the controld’. Hospitalization rates were also similar betwédengroup?’. Not unexpectedly,
perceptions of treatment burden were higher irirttevention arry. While several outcome
measures were evaluated in the study, medicatibaeradce was not one of them. To our
knowledge, this is the first study to evaluaterble of frequent home spirometry in promoting

medication adherence.

This was a prospective interventional study ingading the impact of frequent home PFT
monitoring on medication adherence, perceptiorteeatment burden and health outcomes
among adolescents with CF. We hypothesized thaiging adolescents with CF the
opportunity to measure their PFTs from home woagullt in improved medication adherence.
We also hypothesized that once a week monitorirfgfFdfs would not significantly affect

perceptions of treatment burden.

M ethods



Patients with CF 12-21 years of age were inviteplaticipate in the study. Participants had to
have a confirmed diagnosis of CF with a sweat afddomeasuremest60mEQ/L and/or two
disease-causing mutations and they had to be alinistable for at least 1 month prior to
enrollment. Eligible participants were approachadrd) routine clinic visits and provided with
information regarding the study. Those who wereredted arranged to meet with the study
team after their clinic visit. Participants werengted between July and December 2015 and
everyone who was invited agreed to participatéénstudy. Written informed consent and/or
assent was obtained from all participants andfair fharents/legal guardians. The study was

approved by the University of Michigan Institutidieview Board (IRB).

All participants received a Spiro PD® personal apieter to monitor their PFTs once a week
from home for 12-months. The Spiro PD® (PMD Headttecin Allentown, PA), is a FDA
approved device. It generates flow-volume loops\aidme-time curves and reports the forced
vital capacity (FVC), forced expiratory volume irsécond (FEV1) and forced expiratory flow
between 25% and 75% (FEF25-75) as a percent peedising NHANES Il reference values.

PFTs can be stored and tracked on the device amdldaded as a PDF.

Participants were instructed on the correct ugbeaif device by a respiratory therapist (RT) at
enroliment. The RT also ensured that the demogtapformation for each participant was
accurately entered into the device. Time was dlstted for participants to practice using their
device while the RT was still present. Participamse contacted weekly by telephone to
address any questions or concerns with the denideexord PFT results. These telephone calls,
which had a specified script, were made by reseassltstants and the research coordinator and
were designed primarily to check in with the papints to ensure they were not having any

difficulties with the device. The PFT data docuneehthrough the telephone calls were also



meant to serve as a backup, in case there wereemyical difficulties with retrieving the data
from the device. The participants determined the dad time of the telephone calls. Some of
them arranged to call the research coordinatopat@etermined time every week while others
chose to communicate via text messages. All subjeet with the study team during their
quarterly clinic visits to review technique, addr@®tential questions and concerns, and

download PFT data from the device.

Adherence was monitored using prescription refilad A medication possession ratio (MPR)
was calculated for inhaled hypertonic saline (IH®xnase alfa, pancreatic enzyme replacement
therapy (PERT) and CF vitamins for the 12-monthigtoeriod and the 12-months prior to
enroliment. A MPR is calculated by dividing the ruen of days a medication was dispensed by
the total number of days the medication was prieedriwithin a 365-day period. These four
medications were chosen since they are all roytipidscribed to patients with CF and could
provide valuable information about differencesdin@rence between inhaled and oral
medication®®* Participants were notified at enroliment thairtaeherence would be

monitored and were asked to provide a list of pla&ies from where they receive the
aforementioned medications. Permission was obtdnoad the participants and/or their
parents/legal guardians to contact the pharmaecrgsréscription refill data. The pharmacy list
was verified and updated as necessary at eacleqyatisit and upon study completion. Of

note, while the weekly telephone calls addresseddos to use of the Spiro PD®, it did not

enquire about medication adherence or potentiaidsarto adherence.

Perceptions of treatment burden were assessed basedponses to the CF questionnaire-
revised (CFQ-R), a well-validated, health-relatedldy of life measure that is specific to

individuals with CE°. Participants filled out the CFQ-R at enrollmentl@nd of study. Their



responses were used to calculate a scaled treameeten score between 0-100 for each time
point, with higher scores signifying lower perceps of treatment burden. Results of PFTs
obtained in clinic, BMI percentiles and frequen¢yolmonary exacerbations requiring either
oral or intravenous antibiotics were obtained tigioteview of the medical records. Values

obtained during the study period were comparetided from the year prior.

Participants received monetary compensation andhgdption of keeping their Spiro PD® at

the end of the study.

Satistical Methods

The Poisson regression model was fitted using géned estimating equations to account for
within subject correlation to estimate the chamgadherence from that in the 12-months prior to
enrollment to that during the study across the foadications. A medication possession ratio
(MPR) was calculated for the study period and &er prior to enroliment using the ratio
between total days’ refilled, or the total numbgdays within a 365-day period when the
subject was in possession of the medication, aiadldays’ prescribed, for each of the four
medications. Within the Poisson regression moteltatal days’ refilled was used as the

outcome and the total days’ prescribed was usdueasffset variable.

The intra class correlation coefficient (ICC) wa®d to assess the reliability of the FEV1
percent values generated on the device with thbsenad in clinic. A repeated measures
analysis using mixed models was used to model#pectory of changes in the BMI percentile
and FEV1 percent predicted from the 12-months ga@nrollment to the 12-month study
period. An autocorrelation structure was used tmawt for within subject correlation of having

repeated measures on the same subject over tipiecAwise linear regression allowing for



different slopes between pre-study and study penweals used to estimate the changes on the
trajectories due to our intervention. Generalizetth@ating equation was used to model the

differences in treatment burden scaled scores leetwarollment and end of study.

Results

Thirty-nine subjects were enrolled in the studye Tinean age of the participants was 15.89+2.18
years and 54% were female. The baseline demographracteristics are shown in Table 1.
Average training time was 29.10 minutes, includinge spent practicing with the device.
Participants spent an average of 48.28 weeks +\8e2&s (range 9-60 weeks) in the study.
Mean adherence to weekly spirometry monitoring 847 + 24.60% (range 19.44-100%).

Nine subjects did not complete the study but weckided in the final analysis. These nine
subjects spent at average of 36.67 weeks + 13.4Bs\eange 9-52 weeks) in the study. Mean
adherence to the weekly spirometry monitoring is gnoup was 36.58% + 21.47% (range
17.78-77.78%). Of the thirty subjects that compldtee study, nine (30%) had greater than 80%

adherence to the weekly spirometry monitoring.

There was good reliability between the FEV1 %predicvalues generated on the Spiro PD®

and those obtained in clinic. A comparison of treamFEV1 %predicted values obtained at the



enrollment and quarterly clinic visits with thosengrated on the Spiro PD® at or around the
same time is shown in Figure 1. The intra-classetation (ICC) between device and clinic
values across all visits was high at 0.80. Moreigigally, the ICC was 0.90 at enrollment, 0.82

at 3 months, 0.69 at 6 months, 0.99 at 9 monthDa&slat 12 months.

There was a significant improvement in adherencesaall four medications during the study
as compared to the year prior (p=0.04). Tablet2 tiee MPR as a percentage for each of the
medications in the year prior to enroliment andryithe study. MPR for all medications
increased during the study period but the chan®4HR was similar across all medications

(p=0.99).

Mean treatment burden scaled score on the CFQ-Fs&as enrollment and 66 at the end of the
study (p=0.14). Mean number of pulmonary exaceobatrequiring oral or intravenous
antibiotics was 1.90 during the study and in ther yeior. Mean FEV1 %predicted declined
from 88% to 86% during the study (p<0.001). Howeteere were no significant differences in
the rate of decline in FEV1 %predicted during thelg as compared to that in the year prior
(p>0.05). There was also a significant declinehim BMI percentile from 55% to 52% during the
study (p=0.009). Moreover, the rate of decline MIBvas higher during the study as compared
to that in the year prior (p=0.031). However, thess no correlation between medication
adherence during the study and change in treatbneden scaled scores, FEV1 %predicted or

BMI percentile (p>0.05).



Discussion

This was a prospective interventional study evaigahe use of frequent home spirometry to
improve medication adherence among adolescentsGHttsubjects monitored their PFTs
weekly from home for one-year using the Spiro PB@herence to two oral and two nebulized
medications were assessed using prescription dafil. Medication adherence during the study

was compared to that in the previous year.

The patrticipants in this study were younger tharsé¢hin the Lechtzin et al home spirometry
study (15.89 vs 27.1 years) but could, neverthelesseadily trained to measure their PFTs
from homé’. They were also able to maintain the weekly maimigpfor a full year, similar to

the adults in the Lechtzin et al std@yA pilot study of the Spiro PD® device demonstuatfeat

it could be successfully used by patients with €@ung as 11 years of ageAlthough the
training time of 29 minutes might not be feasillaibusy clinic setting, the participants were
trained in the PFT lab after their clinic visit. Mover, the 29 minutes also included time spent
practicing with the device with the RT still presémanswer questions, which was also made
possible by moving the training away from the diarea. The Spiro PD® does come with an

instructional video, which could also be used m ¢lent of a time or space constraint.

The patrticipants in this study were more adhemitité home spirometry monitoring than the
adults in the Lechtzin et al stutfyWhile in that study 50% of the participants usieeldevice

once a week and only 19% used the device as instifior greater than 80% of the study
duration, the participants in this study had a nesdmerence rate of 59.47% and 30% used the
device as instructed for more than 80% of the stu@ne explanation for the better adherence
seen in the participants in this study might beféoe that they were asked to measure their PFTs

only once a week. Parental supervision may haweastributed to the higher adherence rates



seen in our population. However, Modi et al repbdegradual decline in parental supervision
during the teenage years such that for those whe W years of age, only about 10% of their
medical care was supervised by either pafeRerceiving the home spirometry monitoring as
adding to the treatment burden might also influeamtieerence. While the participants in this
study did not experience a significant worsenintheir perceptions of treatment burden, those
who were randomized to the home spirometry arrhénLiechtzin et al study dil This
difference might be due to the varying demandsgulam the participants of the respective
studies. Perceptions of treatment burden may aduadher in adults with CF compared to

adolescents due to corresponding differences atrirent complexits/.

Participants in this study had better medicatidmeaeince, even at baseline, than what has been
previously reported in this patient populafidfi”. Despite that, there was a statistically
significant improvement in adherence across alt foadications during the study as compared
to the year prior. It is possible that this improwent in adherence was due to the fact that this
was a study monitoring adherence. In a study bgatinet al, knowing that their adherence was
being monitored (through electronic pill caps antpty nebulizer vials), resulted in adherence
rates of 57% to vitamins and 78% to dornase alfaénl2 years and older age graup a

different study of school-aged children, adherdnggancreatic enzymes monitored via
electronic pill caps was 38%While it is not known how adherent the particifsaim these
different studies were prior to their participatiorthose studies, the subjects in this study lmad a
adherence rate of 56% to vitamins, 55% to pan@eaizymes, 66% to dornase alfa and inhaled
hypertonic saline prior to enroliment. Although teéphone calls were carefully scripted to not
discuss medication adherence, it is possible begt also contributed to the improvements in

adherence.



Despite the improvements in medication adherehesgetwas no change in frequency of
pulmonary exacerbations or in the rate of decinEkV1 %predicted. These findings were
similar to that in the Lechtzin et al study in tleaen they did not find a significant difference in
the rate of decline in FEV1 %predicted betweerttiegroupd’. The reduction in FEV1
%predicted observed in this study was lower thah ¢ben by Lechtzin et al (-3.58% vs -2%),
but this might be due to the younger age of thégants in this study. More importantly,

even with the decline, the participants continuethaintain normal PFT. Unlike the Lechtzin et
al study’, the participants in this study experienced aidedh BMI percentile. Furthermore, it
was at a rate that was higher than that in theiguewear. One explanation could be the small

sample size. Even with the decline, the mean BMiaieed above the &(ercentile.

This study had several limitations starting withstnall sample size. Having the participants
serve as their own historic controls is also atitimn since there could be changes in adherence
with age and worsening disease severity that a@ependent of the proposed intervention.
Another limitation was that adherence was calcdlatgng prescription refill data and this does
not necessarily reflect whether an individual ldrig the medication as instructed. Furthermore,
adherence could be falsely low, particularly fongr@atic enzymes, due to factors such as
overfilling. However, prescription refill historiggovide an objective assessment of adherence,
are less expensive and are more readily available ¢lectronic medication monitoring devices.
Another limitation was that the selection procesismibt include factors such as PFTs, nutritional
status or baseline adherence. All eligible indialduvho were willing to participate were
recruited for the study. The study participants hadnal PFTs and BMI and a good adherence
rate even in the year prior to enrollment, whiclgimihave contributed to the lack of a more

robust response to the intervention. The selegioness also did not take the transition



readiness program that many of the subjects wetkipating in into account. Since that also
addresses issues like medication adherence anchaetigement, it could have influenced the
results of this study. Lastly, the nine subjects thid not complete the study did not fill out a
final CFQ-R, making it difficult to comment on wietr treatment burden played a role in their

decision to not follow through with the study.

To our knowledge, this was the first study to usgdient home spirometry to successfully
improve medication adherence among adolescentsGfttHome spirometry can be readily
implemented even in a busy clinic practice. Thiglgtused the weekly telephone calls to check
on potential difficulties with the device but theyuld certainly be used to provide real-time
feedback on the spirometry results and that migtergially improve medication adherence
even more. Text messages are another less timewoomgalternative and one that was
preferred by several of the study participants. &/&iudies with larger sample sizes are needed
to further explore the benefits of frequent homieosspetry in improving adherence to treatment,

quality of life and health outcomes in this vulri@eapatient population.
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Image and Tables L egends

Figure 1: Comparison of mean FEV1 %predicted from clinic with that generated on the Spiro PD ©®.

Table 1: Baseline demographics of the study pasiuis.
Table 2: Medication possession ratio (MPR) by meitio type in the year prior to enrollment

and during the study

Tables& Figures

Table 1: Baseline demographics of the study paHiuis.

Characteristics Intervention Group (N=39)

Mean (SD)




Age (years) 15.89 (2.18)

% female 54.00

Forced expiratory volume in 1 second 87.51 (19.80)
(Yopredicted)

Body mass index (percentile) 55.23 (25.02)

No. of pulmonary exacerbations (12 months 1.90 (1.65)

prior)

Table 2: Medication possession ratio (MPR) by meita type in the year prior to enrollment

and during the study

Medication Name Pre-Study MPR Study MPR P-Value
CF Vitamins 56% 61% 0.245
Dornase alfa 66% 71% 0.188

Pancreatic enzymes 55% 59% 0.247

Inhaled hypertonic 66% 2% 0.125

saline




Across all medications 60% 65% 0.038
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